Introduction. The Fertility Assessment and Counseling (FAC) Clinic was initiated to provide women with information about their current fertility status to prevent infertility and smaller families than desired. The aim was to study the predictive value of a risk assessment score based on known fertility risk factors in terms of time to pregnancy. Material and methods. Prospective cohort study of the first 570 women attending the FAC Clinic from 2011 to 2013 at Rigshospitalet, Denmark. A consultation included: risk assessment score sheet with items on infertility risk factors, anti-M€ ullerian hormone and ultrasound. The risk score was categorized as low, medium or high. After 2 years an email-based questionnaire was distributed regarding subsequent pregnancies. Results. The follow-up questionnaire was answered by 519 women (91.1%). The mean age was 35 years and 38% were single at inclusion. The majority (67.8%, 352/519) tried to conceive within 2 years after attending the FAC Clinic. At follow up, 73.6% (259/352) had achieved a pregnancy, 21% (74/352) were still trying and 5.4% (19/352) had given up. Two-thirds (65%) with only low risk scores conceived spontaneously within 12 months, although this figure was only 32% for women with at least one high risk score (n = 82). Accordingly, presence of at least one high risk score reduced the odds of achieving a pregnancy within 12 months by 75% (OR 0.25, 95% CI 0.12-0.52). Conclusion. The new FAC Clinic concept seems usable and offers a tool for fertility experts to guide women on how to fulfill their reproductive life-plan.
Introduction
Female reproduction is presently challenged and various pro-fertility concepts have been established to address this development (1, 2) . The notable changes in reproductive patterns within the past decades may be influenced by the increased female educational level and subsequently
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Fertility assessment and counseling can predict prolonged time to pregnancy and the concept can be used by fertility experts to guide women about their fertility status in order to fulfill their reproductive life-plan. higher maternal age at first birth. In line with this, broader interpretations of "family planning," counseling opportunities and new treatments have emerged. Oocyte vitrification for nonmedical reasons and the option of single motherhood by donor insemination have been accepted as appropriate solutions in some parts of the world (3, 4) . The tendency to postpone family formation has resulted in decreased fertility rates, smaller families than desired and an increase in the demand for fertility treatment, especially in women >40 years of age (5) . The aforementioned fertility issues and increasing awareness have introduced a demand for fertility screening (6, 7) .
The Fertility Assessment and Counseling Clinic (FAC Clinic) at Rigshospitalet in Copenhagen was initiated as an analogue to the "family planning clinics," that were introduced in the 1970s (8) . The FAC clinic uses the same concept, based on self-referral, offering reproductive advice to women and men, but with a pro-fertility perspective. The purpose is to provide individual assessment of fertility risk factors and ovarian reserve to help women with no known history of infertility to fulfill their reproductive life-plan (1) . The FAC Clinic is the first of its kind worldwide and a number of clinics based on the same concept have been initiated in four of the Nordic countries.
This study is the first to validate this new concept through a 2-year follow up after the initial consultation. The study aimed to analyze the predictive value of risk assessment in relation to time to pregnancy (TTP).
Material and Methods
The concept of the FAC Clinic has been described and discussed earlier (1) . Briefly, the FAC Clinic was established in August 2011 as part of the ReproUnion collaborative study, co-financed by the European Union, Intereg V € OKS.
The clinic is open to men and women living in the Capital Region of Denmark or southern part of Sweden. No referral is needed, the consultations are free of charge, and appointments are booked by phone on a weekly basis. Couples who had already tried to conceive for more than a year in their present relationship at the time of booking, were informed to go elsewhere and seek direct medical assistance.
All women were examined by a fertility specialist. A consultation included: transvaginal ultrasound [antral follicle count (AFC), ovarian volume, pathology], full reproductive history and anti-M€ ullerian hormone (AMH) measurement. The women were informed of their potential risk factors and presumed ovarian reserve by a Risk Assessment Score Sheet ( Figure 1 ) (1) . The item scores were categorized as green/yellow (low risk), orange (medium risk) and red (high risk) for each risk factor. Due to low numbers, the following risk factors were not included in the analyses regarding single predictors of TTP analyses, but were included in the validation of the overall risk assessment: ectopic pregnancies (n = 2), endometriosis (n = 10), myomas >3 cm in diameter (n = 6), abdominal fluid (n = 5), previous treatment with chemotherapy (n = 6), high stress level (n = 10), and previous ovarian or other lower abdominal operations (n = 13).
Initial study population at screening 2011-13 included the first 570 women attending the FAC Clinic from June 2011 to December 2013. All women completed a baseline web-based questionnaire before the consultation and an evaluation questionnaire immediately after the consultation.
The baseline questionnaire was partly based on the validated Swedish Fertility Awareness Questionnaire by Lampic et al. and a questionnaire from a previous Danish study from our group (9, 10) . The questionnaire included items regarding sociodemographic background, reproductive and medical history and lifestyle (smoking, alcohol and exercise) (see Supplementary material, Appendix S1).
Assessment of ovarian reserve parameters were estimated by AFC, ovarian volume and AMH. The number of antral follicles was counted and grouped into three predefined categories: 2-4, 5-7 and 8-10 mm. The ovarian volume was measured by the formula for a prolate ellipsoid using the longest longitudinal (d1), anteroposterior (d2), and transversal diameters (d3): volume = (d1 9 d2 9 d3) 9 p/6 (11). All ultrasound scans were performed using the same equipment (BK pro focus ultrasound scanner, vaginal probe, transducer 4-9 MHz, BK Medical, Herlev, Denmark) and all examinations were carried out by the same team of five doctors throughout the period. At clinical examination, the investigator was unaware of the participants' questionnaire answers and their hormonal profile (AMH).
All blood samples were handled consistently: fresh samples were centrifuged approximately 1 h after sampling and serum was frozen at À24°C for a maximum of 14 days before being analyzed consecutively at the Department of Clinical Biochemistry, Rigshospitalet, Copenhagen using the Beckman Coulter enzyme immunometric assay, generation I (Immunotech Laboratories, Monrovia, CA, USA). The analytical sensitivity, and the intra-assay and inter-assay coefficients of variation were: 0.7 pmol/L, 12.3 and 14.2%, respectively (12) .
Male partners were welcome to attend the clinic together with their female partners for assessment (sperm analysis, risk assessment score) (1), but only 28 in the present study did so. Sperm tests data were therefore not included in the statistical analyses.
The follow-up questionnaire was distributed by e-mail 2 years after the consultation. The primary data in the follow-up questionnaire were: changes in relationship status, pregnancies, pregnancy loss, deliveries, TTP, attempts to conceive and whether the women had undergone fertility treatment. Population A was defined as women who had attempted a pregnancy within the 2 years of follow up after their visit to the FAC Clinic. Women reported the date(s) (day/ month/year) within the 2 years at which the attempt(s) at pregnancy was initiated, and if relevant the date(s) at which pregnancy was achieved. Further, it was recorded whether the woman was still trying or had given up at the end of follow up. Only the time to a first pregnancy was used in the TTP analyses. Pregnancies were categorized as spontaneous or after fertility treatment. Single women who achieved a pregnancy with donor insemination were pooled with spontaneous pregnancies in the analyses. Population B was defined as the remaining women without any attempts to conceive within the 2 years of follow up. To evaluate the predictive potential of the risk factors from the risk assessment score sheet we performed univariate and multivariate logistic regression analyses for the outcome "spontaneous pregnancy within 12 months." Analyses included all women who started their attempt of pregnancy before, at the FAC consultation, or within the following year. Women who started their attempt of pregnancy later than 1 year after the FAC visit were excluded from analyses due to insufficient follow-up time. Women who were already attempting pregnancy when visiting the FAC Clinic were regarded as successful if pregnancy was achieved within 1 year of the consultation. It is important to note that the duration of pregnancy attempts before the consultation was included as an item in the risk assessment sheet and as a predictor in the statistical analyses. To further assess the predictive performance of the risk assessment we used internal validation methods (13) . The predictive accuracy of the risk assessment expected at future consultations was estimated by the cross-validated area under the curve (AUC) using 10 000 bootstrap cross-validation steps (14, 15) .
Statistical analyses
To identify predictors of fertility treatment we performed univariate and multivariate competing risk regression for the cumulated incidence of women starting fertility treatment in which spontaneous pregnancy was considered a competing risk. Results from the similar analyses of cumulated incidence of spontaneous pregnancy were highly similar to those from the logistic regression analyses and results are therefore not shown.
Analyses were performed with R version 3.2.3 (https:// www.r-project.org, Vienna, Austria), the rms package for logistic regression analyses and the timereg-package for competing risk analyses.
All participants gave written informed consent according to the Declaration of Helsinki for Medical Research involving Human Subjects. The establishment of a biobank was approved by the Scientific Ethical Committee of the Capital Region of Denmark (journal number: H-1-2011-081). Permission to store data was granted by the Data Protection Agency at Rigshospitalet (journal number: 30-0728).
Results
From June 2011 until December 2013 a total of 570 women attended the FAC Clinic. The response rate of the follow-up questionnaire was 91.1% (519/570). The present study therefore included 519 women of whom 352 (population A) had attempted to conceive and 167 (population B) had made no attempts to conceive within the 2 years following initial assessment. Among the 352 women in population A, 259 had conceived, 74 were currently trying to conceive and 19 had given up trying to conceive at follow up.
Demographic characteristics at initial consultation are shown in Table 1 . Women in population A had a mean age of 35.4 (AE 4.4) years and most were in a heterosexual relationship at the time of the FAC Clinic consultation (70.1%), and at the time of follow up (80.1%). Furthermore, the women were well-educated and employed (Table 1) . Table 2 displays the distribution of fertility risk factors in population A (according to the risk assessment score sheet, Figure 1 ). As seen in Table 2 , there was a significant difference in the age distribution (p = 0.001), cycle length (p = 0.02) and duration of unprotected intercourse (p = 0.01) between the three risk groups. The overall distributions of women with low, medium and high AFC and AMH risk scores were equal among the groups. Table 2 also compares the distribution of other fertility risk factors. Significantly fewer had endometriosis (p = 0.01) or smoked (p = 0.049) among the women who conceived within the 2 years of follow up. No significant differences were detected among the remaining risk factors.
Family intentions at initial consultation are shown in Table 3 , the women in population A and B did not differ in terms of previous pregnancies, deliveries, miscarriages and abortions. In both groups approximately one-fifth had conceived before (population A: 22.7 vs. population B: 21.6%, p = 0.83). There were significant differences between the two groups in relation to the desired number of children; 75% in population A wished for two or three children, whereas this was 60.5% in population B. Only 8.2% wished for just one child in population A, whereas this was 15% in population B (p = 0.03). Similarly, more women in population A had a pregnancy wish at the time of the consultation (A: 65.3 vs. B: 25.7%, p < 0.001) and follow up (A: 42.3 vs. B: 29.9%, p < 0.001). The women were asked whether they would bring forward the timing of pregnancy after consulting the FAC Clinic, to which 31% answered yes in population A compared with 22.8% in population B (p < 0.001). The most prevalent among the reasons for attending FAC listed by population A, was the wish for an assessment of their possibility to achieve a pregnancy (A: 53.4 vs. B: 62.9%, p = 0.04) ( Table 3 ). Among population B it was knowledge of the possibility to postpone childbearing (B: 73.7 vs. A: 50.6%, p = 0.001).
With regards to pregnancies, attempts and fertility treatments at follow up we found a significantly lower mean age of the 259 women who achieved a pregnancy, compared with the 74 women who were still trying and the 19 women who had given up trying (34.9 vs. 36.2 vs. 38.1 years, p = 0.002). Similarly, there was a difference in relationship status at follow up with a higher proportion of women in a heterosexual relationship among the women, who conceived within 2 years (83.0 vs. 75.7 vs. 57.9%, p = 0.01). More than half of the pregnancies were spontaneous and planned (142/259; 54.8%). Almost one-third of the pregnancies (83/259; 32%) were achieved by fertility treatment. Among the 83 women who received fertility treatment, intrauterine insemination with husband's semen was the most frequently used procedure among the 49 couples (20/49; 40.8%), and intrauterine insemination with donor semen among the 34 single women (19/ 34; 55.9%). Of the 259 pregnancies, 161 (62.2%) resulted in a liveborn child and 50 women (19.3%) were still pregnant at the time of the 2-year follow up. Twelve women had an induced abortion (4.6%) and 34 women had a spontaneous miscarriage (13.1%).
The majority of women, who were still trying to conceive, had received fertility treatment at the time of follow up (40/74; 54.1%). This figure was 26.3% for the women who had given up trying.
The results of the single factor and multiple logistic regression analyses of the chance of spontaneous pregnancy within 12 months are displayed in Table 4 . A total of 320 women attempted pregnancy starting at the time of the FAC consultation, before or within 1 year after the consultation. Only three women (1.2%) had entirely green scores. For this reason they were pooled with the women with one yellow score and analyzed as low risk. Figure 2 shows the cumulative incidence curves of spontaneous pregnancies in relation to the risk assessment. Two-thirds of the women with only low risk scores (green/yellow) (33/51; 64.7%) conceived spontaneously within 12 months, whereas this figure was 101/194 (52.1%) among the women with at least one medium score (orange) and only 25/75 (32.5%) for women with at least one high risk score (red). Accordingly, the presence of at least one high risk score (red) reduced the odds of achieving pregnancy within 12 months by 75% (OR 0.25, 95% CI 0.12-0.52, p < 0.001) compared with women with only green and yellow scores (Table 3) . Similarly, the presence of at least one medium risk score (orange) reduced the odds for a spontaneous pregnancy by 47%, although this was only a tendency (OR 0.53, 95% CI 0.28-0.98). Predictive performance of risk factors and cross-validated AUCs are shown in Table 4 . The best single predictors of spontaneous pregnancy within 12 months were age (AUC = 0.569), followed by unprotected intercourse (AUC = 0.545), and hip:waist ratio (AUC = 0.541). Many of the risk factors only had a slight predictive performance including BMI, alcohol and coffee consumption. The FAC risk assessment score provided the best overall predictive performance (AUC = 0.606), whereas the multivariate logistic regression model including all risk factors had a slightly inferior predictive performance (AUC = 0.574).
Within the 2 years of follow up, 128 women received fertility treatment. In the competing risk regression, the presence of at least one red (high) risk score displayed an increased hazard ratio of 4.5 (95% CI 1.1-29.7) for fertility treatment. None of the remaining predictors was associated with a significantly increased incidence of needing fertility treatment in the analyses (data not shown).
Discussion
This is the first prospective study to validate an individual fertility assessment and counseling concept. Our results show a predictive value of the risk assessment score, as the odds of achieving a pregnancy within 12 months was decreased by 75% with the presence of just one high risk score, and by 41% with the presence of one or more orange scores. Furthermore, the cumulated incidence of women receiving fertility treatment was increased among the women with a high risk score corresponding to a hazard ratio of 4.5. Despite a mean age of 35 years, half of the women conceived within the 2 years of follow up, but one-third of these pregnancies were achieved by medically assisted reproduction. The construction of the risk assessment score sheet was based on the available literature in 2011 regarding known or suspected fertility risk factors, and recommendations from the Danish Health authority (1). The age-related decrease in women's fecundity is well-known (16, 17) , as well as the correlation between cycle length variability in the perimenopausal period (18) , and the risk of prolonged TTP due to previous chlamydia infections and subsequent tubal factor infertility (19) .
Whether a low AFC or AMH is associated with TTP in spontaneously achieved conceptions remains controversial. A recent prospective American study of 1202 women with one or two pregnancy losses did not find a correlation between AMH and TTP (20) . The authors of a Swiss observational study of 87 women with spontaneous pregnancies concluded that only age, and not AMH, as a continuous variable, was related to TTP, which is in line with the findings of this study (21) . A Danish study of 186 young women in their mid-20s found an association of prolonged TTP in women with a high AMH, but no impact if the AMH was low (22) . In contrast, an American study of 98 women in their 30s found AMH to be a predictor of age-related reductions in fecundity (23) . We would still advocate for the use of AMH in a FAC setting. First, AMH is a proxy for the number of primordial follicles and hence the ovarian reserve. AMH decreases with ovarian aging and provides useful information when predicting imminent premature ovarian insufficiency and menopause (24, 25) . Second, several studies have found AMH to be related to outcome response to ovarian stimulation in terms of number of oocytes retrieved and to some extent the chance of a livebirth, which is relevant for the women with partners found to have very low sperm quality at the consultation (26), as they may need assisted reproductive technology. Lastly, AMH in combination with AFC is the best available option so far for estimating the ovarian reserve in relation to biological age compared with chronological age (27) . It remains a possibility that the long-term prognosis for accomplishing the desired family size may be related to AMH and AFC levels, but this has to be substantiated. Women and men request full programming of reproduction ranging from contraception to pro-fertility behavior to ensure that they can achieve the desired family size (6, 7, 28) . As discussed earlier by our group, false-positive findings of having low fertility chances when estimating the ovarian reserve may cause unnecessary anxiety, neglect of contraception and premature fertility treatment (1). False-positive findings could be very low AMH and AFC caused by oral contraceptive use or assay problems (12, 29) . Individuals are not given a specific prognosis, but an estimate of their reproductive potential and, as shown earlier, the risk assessment score is useful in identifying those at risk of prolonged TTP. The decision of childbearing shortly after the consultation at the FAC Clinic is presumably not solely related to the information on the individual ovarian reserve. This correlates with previous findings on factors influencing women's decisions about timing of motherhood. Benzies et al. performed a qualitative study on 45 Canadian women aged 20-48 years and found independence, stable relationships and declining fertility to be the primary factors for timing motherhood (30) . Similarly, a cross-sectional study from our institution of 863 healthcare workers aged 20-40 years listed the most important prerequisites as: a stable relationship, completion of one's studies, a sound financial situation, a job that can be combined with children, access to public day care and the possibility of travelling (31) . Nonetheless, the answers will evidently influence the considerations and subsequent actions regarding family planning. Other initiatives have been examined to increase women's and men's knowledge on fertility. Daniluk and Koert studied the educational efficacy of a fertility awareness website. They found significantly increased knowledge scores after the web-based intervention, but after 6 months of follow up there was a tendency to return to pre-intervention levels (32) . Two recent randomized controlled trials, with the aims of individual Reproductive Life Planning in relation to contraceptive counseling and tailored education of fertility awareness, showed a significantly increased knowledge of reproduction in the intervention groups (28, 33) , Therefore, counseling on the individual level and being aware of the results provided with this study may increase the impact and counseling could influence the timing of pregnancy for future clients attending the FAC Clinic.
The FAC Clinic was partly initiated to inform men and women of their reproductive potential with the aim of reducing the need for fertility treatments. Hence, it was unexpected that almost one-third of the pregnancies in the 2-year follow up were achieved by medically assisted reproduction. There could be several reasons for this. First, the women's mean age of 35 years, as increased female age increases the need for fertility treatment due to accumulation of reproductive threats (endometriosis, chlamydia, myomas) (34); second, selection bias, as women may attend the FAC Clinic because they are concerned about their fecundity which could be due to previous unprotected intercourse without pregnancies, anovulation, or impaired sperm quality; third, Danish single women in their mid to late thirties have the opportunity to become solo-mothers by donor insemination (3, 35) ; and lastly, reduced sperm quality among Danish men as shown in a study of 4867 men with a median age of 19 years in whom optimal semen quality was found in only 23%. Additionally, one-fourth were expected to experience prolonged waiting TTP and another 15% were at risk of the need of fertility treatment (36) .
The women attending the FAC Clinic were well-educated and employed. The women were concerned about their ovarian reserve and reproductive time-span, which could imply potential selection bias. The homogeneity of the included women and the relatively short follow-up period may impede the predictive value of the continuous variables in the risk assessment. Hence, we decided not to revise the risk assessment score sheet until further research, including a 5-year follow up, has been completed. Inclusion of more clients may allow further analyses of more extreme findings in terms of for instance advanced age, very low ovarian reserve and extreme health behavior. Another main limitation is the missing information of the partner's sperm quality. Yet, it has to be noted that the diagnostic accuracy and predictive value of only one semen analysis in relation to TTP is limited (37) . Furthermore, no data on coitus frequency were available, which could likewise have an influence on the results.
The follow-up questionnaire was based on retrospective data, which could induce recall bias and impair TTP analyses, as the data are self-reported and unverifiable by medical records (38) . Nevertheless, a previous study of 1647 women with a much longer follow-up period found high accuracy of the reported TTP data (39) .
With reference to the validity of the measurements of AMH, a recent review stated that fluctuations of AMH in the menstrual cycle appear to be random and minor, so permitting AMH measurement independently of the cycle phase (27) . Nonetheless, AMH is influenced by other factors such as oral contraceptive use (12, 29) . The statistical analyses were not adjusted for this, as the risk assessment score sheet did not include this parameter. Oral contraception use is recorded at the consultation and the impact has previously been described in an earlier paper by our group (29) .
Conclusions
The FAC Clinic was initiated to provide women with information on their current fertility status to prevent involuntary childlessness, infertility and smaller families than desired. The risk assessment does allow prediction of the time to natural conceptions but does not seem able to prevent the need for fertility treatment in many cases. The FAC concept should instead be considered as a useful tool for fertility experts to counsel women and men on how to fulfill their reproductive life plan, including advice on when to proceed to medically assisted reproduction.
